11

POTENTIAL OF REMOTE SENSING IN THE CORPS OF EIGINEERS
REDGING PROGRAMCU) COLD RENDNS RESEARCH

GINEERING LRD HANOVER NH L MCKIM ET ﬂL NOV 85
UNCLASSIFIED CRREL SR-85-20

“AD-A166 334




BN

NIy

¢ »

Bat e be he

>

y

L

' Win B g W

S

WlS o,

S

.1;(. %

L AA .-u\.wm

.'-
i - ﬂ ., by

- nn.b

..\\

.-c

. v

P

[N

|

I

MICROCOPY RESOIIITION TEST CHART




TERTTT

Special Report 85-20

November 1985

Potential ot remote sensing in the

US Army Corps
of Engineers

Cold Regions Research &
Engineering Laboratory

ey -
e
»

Corps of Engineers dredging program

H.L. McKim, V. Klemas, L.W. Gatto and C.J. Merry

AD-A166 334

OTIC FILE copy

Prepared for
U.S. ARMY WATER RESOURCES SUPPORT CENTER

Approved for public release; distribution Is unlimited.

DTIC
FLECTE

‘\T:' B

\ %4




Al Rl S Ui N ANEA SR AN oS A A D o ST AN AL o R T O € i Sy eI Bt Dot st G Sl Sk Al Sl Ao e B a'a a0 ot ard SRR SR b SRS o)

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
7. REPORT NUMBER 2. GOVY ACCESSION NO. RECIPIENT'’S CATALOG NUMBER

Special Report 85-20
4. TITLE (and Subtitle)

POTENTIAL OF REMOTE SENSING IN THE
CORPS OF ENGINEERS DREDGING PROGRAM

3.

5.’TVPE OF REPORT & PERIOD COVERED

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
H.L. McKim, V. Klemas, L.W. Gatto WRC-85-18
ard C.J. Merry No. E8685DO18
. " E , T
9. PERFORMING ORGANIZATION NAME AND ADORESS 10 ::giR‘AxOERLKESSrTTN%RMOBJE'g; ASK

U.S. Army Cold Regions Research and
Engineering Laboratory
Hanover, New Hampshire 03755-1290

1t. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
U.S. Army Water Resources Support Center November 1985
Dredging Division 13. NUMBER OF PAGES
Ft. Belvoir, Virginia 22060 47
14, MONITORING AGENCY NAME & ADORESS(I! different from Controlling Ottice) 15. SECURITY CLASS. (of this seport)
Unclassified
15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDQULE

16. DISTRIBUTION STATEMENT (of thia Report)

Approved for public release;distribution is unlimited.

17. DISTRIBUTION STATEMENT (of the sbetract sntered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identily by block number)

Aerial photography Remote sensing)
Army Corps of Engineers - Satellites
Dredged materials °

Dredging

20. ABPSTRACT (Contioue e reverse side i necessary sod identify by dlock number)
The potential of remote sensing in the Corps of Engineers Dredging Program for providing

data on channel surveys, sediment drift and dispersion during dredging, water quality and
suspended sediment concentrations, and selection of disposal sites and monitoring environ-
mental effects at disposal sites was reviewed. The recommended remote sensor combina-
tion for recording dredging and environmental changes was a small, single-engine aircraft
equipped with at least two 70-mm or 35-mm cameras. The first camera should be loaded
with color film and the second camera with color infrared film for vegetation or land use
mapping, or panchromatic film with special filters for water studies. For bathymetric

FoRw
1 3ae s T3 EDITION OF 1 NOV 6315 OBSOLETE

SECURITY CLASSIFICATION OF THIS PASE (When Date Entered) e




SACIACS NN v S AN S AR SOS SN A TR S SR A A S _w.‘ A R A At e e A A A e A S A A -

ey

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

20. Abstract (cont'd)

mapping, the cameras will have to be supplemented by airborne impulse radar or laser
profilers, and possibly sonar depth finders. A combination of small aircraft and boats is
optimum for mapping currents and observing plume dynamics. Additional research is re-
quired to study the use of multispectral scanners for bathymetric mapping of large coast-
al areas, for mapping sediment transport in shallow waters, for mapping concentrations
of suspended matter of organic or inorganic origin, and for detecting vegetative stress
and soil properties. Along with the acquisition of the multispectral data, ground truth
needs to be taken to verify the interpretation of the data. Long-range plans, on the
order of 30 to 50 years, are necessary for managing the disposal of dredged material.

o - Y

\

- /

i1 Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)

PRSI R e N N L
IR W RSN AT T T % U IS YR VSN PO TR e

v e e
et e




PREFACE

- This report was prepared by Dr. Harlan L. McKim, Research Physical

: Scientist and the Remote Sensing Program Manager, Earth Sciences Branch,
Research Division, U.S. Army Cold Regions Research and Engineering Labora-
tory; Dr. Vytautas Klemas, College of Marine Studies, University of
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SUMMARY

The objectives of this study were 1) to review the application of
existing remote sensing techniques for providing data in the Corps of Engi-
neers dredging program, 2) to define promising new remote sensing tech-
niques for monitoring and managing dredging and disposal, and 3) to recom-
mend which remote sensing techniques should be used now and which tech-
niques should be developed for the future. The topic areas in which remote
sensing techniques were evaluated included: 1) doing channel surveys and
other engineering work, 2) monitoring sediment drift and dispersion during
dredging, 3) monitoring water quality and suspended sediment concen-
trations, and 4) selecting disposal sites and monitoring environmental
effects at disposal sites.

The state of the art of remote sensing for dredging-related activities
was summarized in tables. We recommended a remote sensor combination for
observing and recording dredging and environmental changes ~- a small,
single—~engine aircraft equipped with at least two 70-mm or 35-mm cameras.
The first camera should be loaded with color film and the second camera
with color infrared film for vegetation or land use mapping, or panchro-

matic film with special filters for water studies. For bathymetric map-

ping, the cameras will have to be supplemented by airborne impulse radar
or laser profilers, and possibly sonar depth finders. The airborne

profilers are less expensive for surveying large coastal areas, although

research is required to improve their ability to penetrate turbid waters.
A combination of small aircraft and boats is optimum for mapping currents TL}<%
and observing plume dynamics. o
Additional research is required to study the use of multispectral
scanners for bathymetric mapping of large coastal areas, for mapping sedi-
ment transport in shallow waters, for mapping concentrations of suspended
matter of organic or inorganic origin, and for detecting vegetative stress
and soil properties. Along with the acquisition of the multispectral data,
ground truth needs to be taken to verify the interpretation of the data.
Long-range plans, on the order of 30 to 50 years, are necessary for

managing the disposal of dredged material. A preliminary reconnaissance of
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potential areas for depositing dredged materials is required. Regional
criteria, including physical, biological, ecological and other important
characteristics, should be developed to focus on appropriate sites to
receive detailed investigation. Patterns of water currents, natural
deposition and erosion, and gites important to wildlife should be mapped

and intensively evaluated during the reconnaissance.
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POTENTIAL OF REMOTE SENSING IN THE
CORPS OF ENGINEERS DREDGING PROGRAM

by

H.L. McKim, V. Klemas, L.W. Gatto and C.J. Merry

INTRODUCTION

Background

The U.S. Army Corps of Engineers' mission includes a wide variety of
water-related respongihilities; one of the most important is navigation,
There are over 40,000 km of navigable inland waterways in the United States
and over 400 ports and harbors. Present dredging requirements to maintain
and improve this extensive Federal navigation system entail the disposal
of over 230 million m of dredged sediments each year. Another 75 to 115
million m that {s regulated by the Corps also requires disposal each
year. Projected new dredging work for coal port development and defense
may Anvolve an additional 300 to 380 million m® spread over 3 to 6 years.
The critical issue confronting the Corps is where to dispose of these large
volumes of sediments in a way that is cost-effective and environmentally
sound. Remote sensing techniques may well prove to be very useful for
these objectives.

Dredging and dredged material disposal policies and practices for the
Corps of Engineers include: reconnaigsance and conditions surveys, after
dredging surveys, maintenance of authorized channel dimensions, beach
nourishment, channel clearing, and selection and maintenance of aquatic,
upland and diked disposal areas. The Corps regulates all disposal activi-
ties within the United States under two Federal statutes: 1) the discharge
of dredged and fi1ll material into inland waters of the United States, under
Section 404 of Public Law 92-500 (as amended), and 2) transportation for
the dumping of dredged material into ocean waters, under Section 103 of
Public Law 92-532, Technical terms used throughout this report are
defined in Appendix A.°
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National marine pollution program

Over the last 3 years NOAA has been the coordinator of an extensive
effort to develop the Federal Plan for Ocean Pollution Research, Develop-
ment and Monitoring (Federal Plan 1981-85). The Corps of Engineers parti-
cipated in compiling this plan, as a member of the Interagency Committee
for Ocean Pollution Research, Development and Monitoring, which has the
following goals (NOAA 1981):

. Describe marine pollution areas that are being examined by
Federal agencies.

. Identify research topics that require additional effort and those
that have been adequately addressed.

. Describe the relative importance of research in each area of
concern by discussing existing information gaps, the potential severity of
the pollution problem, and Federally mandated functions.

. Present specific recommendations for improving the program by
redirecting existing resources toward the most productive and important
areas, improving interagency coordination or anticipating future problems.

Of the eight major areas of concern shown in Figure 1, the Corps
dredging program plays an active part in two:

. Marine waste disposal — Activities are directed at determining

the effects of ocean disposal of wastes, including dredged materials,
industrial wastes, sewage wastes, radloactive substances and brine generat-—
ed by the strategic petroleum reserve.

. Coastal land use — Activities in this area increase our know—

ledge of how coastal land use practices and patterns affect marine eco-
systems, Siting, construction and operation of coastal facilities, non-

point source pollution, and increased use of coal are included.

Marine waste disposal
About $25.4 million (out of a total of $169.8 million) was collective-

ly devoted to the marine waste disposal research and development area
during fiscal year 1981 by the Federal government (Fig. 1) (NOAA 1981). It
was considered the most important area by the Interagency Committee for
Ocean Pollution Research, Development and Monitoring. One of the major
categories in this area was the disposal of dredged material.

New channels must be dredged and existing channels maintained. How-

ever, channel dredging generates significant amounts of excavated sedi-
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Ocean poliution
evaluation
$47.5 (28%)

Marine waste
disposal
$25.4 (15%)

T s 2

\' Accidental discharges
: $8.6 (5%) Figure 1, Federal expenditures {n
! i Marine energy $3.0 (2%) fiscal year 1981 (millions of dollars)
Interpretation Marine for marine pollution concerns (after
transportation
- $11.1 (6%) $3.3 (2%) NOAA 1981),

ment. Based on volume, dredging is the largest single source of materials

I that are dumped into the ocean. In fiscal year 1981, about $9 million or

5 5% of the total marine pollution expenditure was allocated to research on

: dredged material disposal only. The Corps of Engineers funded more than

- 90% of this research and development.

i In the NOAA (1981) report the following areas were reported as being

t of continuing importance and should receive emphasis {n the future:

5 . Chemical effects on the ecosystems — The state of knowledge 1in

5 this area must be assessed. Continuing studies are needed on the rates and

i mechanisms of pollutant releases, chemical forms that can be readily taken
- up by organisms, long-~term fates, and acute and chronic effects. Continued
research on the gsediment geochemistry of dredged materifal was recommended.

. Disposal management -— Future studies ' of dredged-material dis-~

posal should provide information needed for long-term management of
disposal activities. Potential disposal sites should be evaluated, future
volume and aquality of dredged materials estimated, alternative disposal

methods assessed within coastal and offshore environments, and innovative

Rl VLA

dredging technologles evaluated for promoting development of long-term
disposal strategies.
. Coastal land use
f Changes in land-use patterns and development in coastal areas can
g severely affect coastal and marine ecosystems. The effects of coastal
2 facilities and nonpoint source pollution are two important areas that
E require thorough study. In addition, the effects of increasing coal use

and export on the marine environment may become more important in the

.

future, The effects of single actions are largely the concern of State and
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local governments and studies {n this area should be supported by them,
However, the cumulative effects of coastal land use are very important to
the Nation, in terms of Corps and Federal projects, as well as to the
Secttlons 404 and 103 regulatory programs and Section 10 permits.,

Multiple uses of the ocean can also pose problems. Such uses as off-~
shore mining, defense, navigation and ocean disposal require locating areas
that either do not conflict or are compatible with other uses.

Ports, pnower plants, sewage treatment facilities, refineries, seafood
and lumher processing plants, and many other industries tend to be concen-—
trated in coastal areas. They depend on marine transport, use large
volumes of cooling water or harvest marine life. All industries might
dispose of their wastes in oceans and coastal environments. Any of these
facilities or land use patterns can have detrimental effects on gensitive
coastal ecosystems, and the combined effects of several different types of
facilities can be substantial. In fiscal year 1981, it was estimated that
$10,000,000 was spent on studies related to the environmental implications
of facilities in coastal areas.

In the coastal zone the following areas are of continuing importance
in the Corps 404 and 103 regulatory programs and the Section 10 permitting
program. These areas should receive major emphasis by the Corps in the
future:

. Importance of habitat alteration -—— The loss and alteration of

critical hahitats are the most important effects of the construction and
operation of coastal facilities. Additional information is needed on the
extent and rate of hahitat modification, and on its significance to commer-
cial and recreational species and environmental quality in general.

Hahitat loss should he documented and monitored at the regional and nation-
al level, the significance of habitat loss should be determined in terms of
effects on fishery stocks, and costs and benefits of restoration should be
evalnated. Feedback into the overall management of dredged-material
dispngsal 18 also necessarvy.

. Effects of coastal facilities -~ The 1issues that have been {iden-

tifled for future research efforts include energy facil{ity siting (OCS
leaaine and development refineries, coal ports, power plants), canal
Aredpins {n wetlands, effects of freshwater diversion from rivers and
estuarfieq, and studies of the effects of timber harvesting on anadromous

f{eh and their hahitats In the Northweet and Alaska.
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P Objectives

The objectives of this report are: 1) to review the application of

a8

existing remote sensing techniques for providing data for efficient manage-

(ol

ment of the Corps of Engineers dredging and related regulatory programs, 2)
to define promising new remote sensing techniques for the same purposes,

and 3) to recommend which remote sensing techniques can be used now and

Yy “

which should be developed for future use.

LA

The Corps' definition of remote sensing includes in situ sensors where
the millivolt output of the sensor can be telemetered via telecommunication
gsatellites to a ground receiving station. Toplic areas in which remote
- sensing techniques should be evaluated, developed or used in the Corps
dredging program include: 1) doing channel surveys and other engineering
work, 2) monitoring sediment drift and dispersion during dredging,3) moni-
toring water quality and suspended sediment concentration, 4) selecting
disposal sites for dredged material and monitoring environmental effects at
ﬁ disposal sites, and 5) developing long-range management strategies for

dredged material disposal.
- The remaining part of this report will emphasize the research problems
g that need to be addressed in the dredging program, how remote sensing is
currently being used in problem areas that are similar to the dredging
program, and the definition of promising new techniques, remote sensing
applications, and research and development needs. There are two specific
areas In the dredging program that will be considered —— the traditional
~ engineering and surveying problems, and the environmental and regulatory
aspects.
A There is also a need for effective management tools for long-term
disposal strategies. Remote sensing techniques that can be applied to
historical data available from previous aerial photo flights, present tech-
o nology and the advancing state of the art for the future all need to be
| integrated into a dredging management system for obtaining timely data.
These techniques need to be compared to the cost and accuracy of conven-—

tional methods of obtaining the same data.

- CHANNEL SURVEYS AND ENGINEERING CONSTDERATIONS

~: Problems

Channel dredging generates significant amounts of a sediment and water

mixture. During 1979, more than 55 million m® of dredged material was
5
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deposited in the marine environment (CEQ 1980). Of the 1979 total, 682 was
disposed of in the Gulf of Mexico, 18% in the Atlantic Ocean and 14% in the
Pacific Ocean. The total 55 million m® was nearly eight times the combined
tonnage of industrial wastes, sewage sludge, construction debris and other
waste materials disposed of in the marine environment during 1979 (CEQ
1980).

Both dredging new channels and maintenance dredging of existing
channels are required and the Corps must be ready to respond quickly for
defense and emergency dredging. It is also done to make a shipping channel
align with the waterway's natural thalweg. The location and amount of
material to be removed equate to dollars in cost, while the methods used
to determine the amount of material to be dredged are sometimes very costly
and can be inaccurate. Improved techniques are available that should be
tested in this area.

It is evident that the public has been opposing disposal of dredged
material on land because of its potentially negative effects on the
environment. Also, land disposal 1is becoming difficult because of land
costs and competition for disposal sites. As a result, alternative coastal
and ocean disposal areas are being defined and new sites will be required
soon. Remote sensing techniques are available to assist in the selection
and monitoring of these sites.

Channel alignment {s another Corps dredging problem. Remote gensing
data can be useful in assisting the Corps during improvement of the channel
and for follow—up monitoring for verification. Current circulation
patterns need to be monitored over time. Natural thalwegs, the deepest
part of the channel or the natural channel, need to be located,

Shoaling problem areas need to be identified, and the dimensions of
channels and water depth need to be monitored. Vessels may run aground in
areas where there has been severe and unpredictable shoaling, a particular
concern for emergency and national defense dredging requirements. There
also must be some type of routine monitoring of the channel dimensions for
safe navigation. Remote sensing data must be assessed for use in shoaling
problems, with quantitative recommendations made for Corps contract speci-
fications.

Bathymetric charts are frequently outdated and not sufficiently
accurate for planning a dredging operation. This is particularly true if

one needs a precise hottom profile for defining the location and amount of
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sediment to be dredged, and for emergency and defense requirements. Tradi-
tional boat survey techniques for updating bathymetric charts, such as
acoustic echosounders, are slow and expensive. Therefore, remote sensing

techniques should be considered as alternatives to supply this information.

Useful remote sensing techniques

There are many ways of analyzing changes in coastlines. Two widely
used methods are field surveys and analysis of historical data. Field
surveys tend to be very expensive, and often the short-term field observa-
tions cannot be extrapolated over a long time. The analysis of historical
field data is also limited because the accurate observations that would be
needed to determine beach changes (such as erosion, accretion and sand dune
migration) were not taken in the past because no one recognized the need
for the observations. However, coastal erosion and coastal geomorphology
have been studied successfully using aerial photography and Landsat imagery
(Dolan 1973, Dolan et al. 1977) and could be used for analysis of erosion
and accretion. Aerial photographic techniques described by Stafford and

Langfelder (1971) provide the high resolution required for accurate
measurement of beach erosion and accretion.

There are also ways to determine bottom profiles and channels caused
by erosion and siltation. Active and passive remote systems can be used
from alrcraft for bathymetric surveys (Table l). Active remote sensors,
primarily lasers, are defined as sensors that supply theilr own source of
energy to illuminate features of interest, whetgas passive remote sensors
will detect naturally available energy. Satellites rarely provide the
necessary spatial resolution, even though Landsat 80-m data have been used
for large area bathymetric charting (Rogers et al. 1982). Rogers et al.
(1982) produced bathymetric charts of coastal areas in the Middle East,
including the coast of Saudi Arabia near Al Bahrayn, using two computer
algorithms, one for deep water and another for shallow water. The final
maps showed color coded water depths in 2-m intervals, with a total of
about 10 intervals.

During the last few years the performance of laser airborne depth
sounding systems (Lidar) has improved significantly. The instrument's
operation is based on measuring the time between the reflection of a laser

beam from the sea surface and from the bottom, giving a measure of the

water depth. When the laser beam is swept perpendicular to the aircraft
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path, an area beneath the aircraft i{s sounded that i{s much larger than the
area covered by an echosounder in a boat.

In clear ocean water, laser bathymetric and spectroradiometry gystoms
have been able to measure down to 10 to 22 m reliably, depending on the
laser gystem employed (Hoge et al. 1980, McKim et al. 1980, Link 1981,
Link and Collins 1981, Link et al. 1982). A major limitation of laser
depth profiling systems is their finability to penetrate :turbid water. The
Airborne Oceanographic Lidar (AOL) system, which ylelded depth measurements
in oceans of 10 m, was able to penetrate only 4.6 m in turbid Chesapeake
Bay waters (Hoge et al. 1980). Most of the laser systems in use perform
satisfactorily when the penetratfon-performance product (o x d -~ beam
attenuation coefficient, a, times depth, d) is from 6 to 10. Since the
total attenuation coefficient (a) of the opticai beam in the ccean and
coastal waters varies from C.5 to 5.0, attainable depths should range from
2 to 12 m, depending on the turbidity of the water. The AOL svstem has
been able to attain a precision of + C.3 m,

Determining accurate positioning and location can be a problem during
aircraft bathymetric surveys. FElectronic navigation systems are generally
not accurate enough. Therefore, aerial photos should be taken simultane-
ously to include shoreline or buoy reference markers. The location of the
laser soundings can then be identiffed on the aerifal photographs and refer-
enced to the shoreline features or huoy markers.

At this time, echosounders and laser profilers are reliable sensors
for bathymetric mapping in clear waters. In turbid waters, lasers fre-
quently fail to penetrate to the bottom and only echosounders deployed from
boats would work reliably. As more powerful lasers become available, some
{improvement in depth penetration can be expected, particularly in waters of
moderate turbidity. It is clear that an aircraft can chart a greater area
than can a hydrographic boat. For example, using an AOL, 31.5 kn? can be
mapped per hour, with an average spatial density of one laser depth reading
per 43,5 n® (Hoge et al. 1980),

A reasonable approach would be to use a helicopter-mounted Lidar,
imaging sonar systems and underwater acoustic tomography (another imaging
system similar to CAT scanning for underwater measurements). The necessary
hardware exists for all three systems. These techniques could be used to
produce two-dimensional maps for a harbor or waterway. The data bhase can

be stored in the computer and then coupled with existing software to
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produce maps. The interactive real-time system can also be used for moni-
toring, planning and modeling. We recommend a 1/2 man-year effort to
address the following questions: 1) how much time, effort and expense goes
i{into planning and monitoring for a typical waterway, 2) how much needs to
be done to demonstrate the technology, and 3) how much i8 a preliminary
engineering study worth. The preliminary study from this would 1) identify
the existing systems and capabilities, 2) identify "missing” pieces of
data, if any, and 3) prepare a cost estimate of a remote sensing demonstra-

tion project at some level.

Promising remote sensing systems and techniques

For bathymetric mapping of large coastal areas, or mapping in turbid
waters, several new techniques must be further tested and developed.

First, procedures must be developed for the use of laser bathymetry in
turbid water. Users must be clearly told what the reliable penetration
depth of each laser system is in waters of different turbidity. Beam
attenuation coefficient and depth products (a x d) of about 10 are attain-
able. However, this product must be specified for each promising system so
that knowing the a, a user can calculate the approximate depth to which the
system is usable. The AOL system has shown that a single instrument pack-
age can be developed for a wide range of applications and turbidity condi-
tions (Hoge et al. 1980, Link et al. 1982). To run such tests it ghould
take about 2 years.

For bathymetric mapping of gross bottom features over large areas, the
Landsat Multispectral Scanner Subsystem (MSS) and Thematic Mapper (TM)
sensors appear particularly attractive. Bathymetric mapping with these
multispectral scanners should be further investigated to obtain more data
on reliability and accuracy. A 2-year effort is required to do this.

Afrborne laser profilers and radar instruments and SPOT stereo photo-
graphy could also be used for profiling beach topography and mapping coast-~
al landforms. However, resolution and accuracy requirements of a project
would have to be defined before the potential use of these techniques could
be evaluated for specific purposes. Field tests and sensor evaluations
should be done in conjunction with the bathymetric mapping tests mentioned

above.
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ENVIRONMENTAL CONSIDERATIONS

Monitoring sediment drift and dispersion
during dredging operations

Problems

Predictive sediment transport models are not overly quantitative,
therefore, monitoring is sometimes required for effective site management.
A general lack of information on net current direction to assist in design-
ing monitoring programs (for example, sediment movement) is another major
problem. Monitoring is sometimes required for effective site management.

It is necessary to obtain data on the size and location of areas where
habitats could be altered as a result of sediment that is resuspended in
the water during dredging. These data would be used to verify the predic-
tive model. Techniques are required to monitor the extent of resuspended
and dispersed sediment and to observe the long-term changes in coastal and
estuarine ecosystems caused by the sediment. The information would provide
adequate warning signals of potentially serious changes, important to site

and resource management and decision making.

Useful remote sensing techniques

During both dredging and the disposal of dredged material in the
water, remote sensing can see the drift and dispersion of resuspended sedi-
ments because of increased concentrations and discoloration as compared to
background water. A few boat measurements would be required to calibrate
the remotely sensed data and to monitor subsurface movement of the dredged
materials. Remote sensing techniques can also be used to verify models for
predicting where the dredged materials will be deposited (Klemas et al.
1974b, 1977; Klemas and Philpot 1981),

Many remote sensing instruments are available that can measure gurface
current directions and approximate velocities, circulation patterns and
suspended sediment gradients (Keller 1963; Carlson 1976; Coker et al, 1976;
Barrick et al. 1977; Legeckis 1975, 1978; Shuchman et al. 1979; Klemas
1980). These include thermal infrared scanners, Landsat MSS and TM data,
airborne radiometers, aerial photography and airborne or shore-based high-
frequency radar. These sensors usually provide data from the upper part of
the water column. Currently, the data from the aircraft or satellite
sensors must be coupled with sensors mounted on ships, which collect data

on bottom characteristics and the lower portion of the water profile.

11




Underwater cameras and acoustic systems (echosounders or sonar) have
been used to monitor the settling and distribution of dredged material in
shallow coastal waters. Sewage sludge was tracked in the ocean using
80-W, 200-khz and 20-khz echosounders mounted within streamlined hydro-

e

:.:.
2
]

dynamic towbodies that were towed at a 2-m depth (Proni et al. 1976), Data

collected concurrently from sonar—equipped boats and from remote sensors

5!
MM

MR

would be useful for monitoring the drift and dispersion of dredged
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In summary, remote sensing techniques are available to track dredged

e

g

material in the upper portion of the water column. However, research to
date shows that the bottom portion of the water columm 1s also important
and must be monitored. More work is required on acoustic techniques to

monitor subsurface and bottom sediment movement.

Promising remote sensing techniques

The echosounders are the most promising for monitoring near-bottom and
bottom movement of dredged materials. Transducers implanted at specific
locations can supply point data on sediment accumulation. A 2-year program
would be required to demonstrate the utility of acoustic systems. More
complete monitoring would be available by using echosounding and boats for
sampling in conjunction with aerial surveillance. This approach would
provide data on surface and bottom transport and would serve as ground

truth for calibration of aircraft and satellite data. A sequence of aerial

and satellite photographs could document net current direction. A proce-
dure documenting the steps to be used and data analysis techniques to be

followed for this integrated approach could be prepared.

Monitoring water quality and suspended sediment concentration

Problems )
When dredged material has toxic or harmful constituents, water quality -Ei?g
can be changed after disposal. In instances where dredged material must be »
contained within a given area, information on the contaminant is essential
when evaluating disposal alternatives. The ability to qualitatively and
quantitatively determine the amount and location of suspended dredged
sediment is also important. A system that has in-situ, airborne and
satellite sensors should be set up.
Regional studies conducted by NOAA have shown that marine waste dis-

posal 1s of primary importance (NOAA 1981). One major area that needs

12
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improvement was ecological monitoring techniques and another was examina-

tion of open coastal and insular current patterns and their variations over

PP gt

time. Any site-specific or regional monitoring program could use remote
sensing techniques.

One of the major problems in calculating suspended sediment concentra-
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2 tion from a measured flux is the difference in absorption and scattering of ::. "
E light in the atmosphere from one time to another. Because of many vari- :j;a{:
V ables, it may not be practical to determine an atmospheric correction -’.Jf
: directly, but a combination of dark object subtraction and band ratios may

- provide an adequate correction.

The other major problem is that a backscattered flux may represent a
mix of water color, bottom reflectance, turbidity produced by plankton, and
turhidity caused by suspended sediment. In many cases, however, a change
in flux 1s caused simply by a é¢hange in the concentration of one constitu-

ent.

Useful remote sensing techniques

» Remote sensing techniques for this area are most useful for shallow
dredging because ocean disposal principally affects the botton.

An optical measure of water color and turbidity can be obtained with
remote sensing. Pollutants must affect color or turbidity to be detect-
able, although dissolved luminescent constituents can be detected by
Fraunhofer line discrimination techniques. Dissolved colored materials

- increase the absorption of light in water and decrease the remote signal;
suspended materials increase the backscatter of light and increase the
remote signal.

» Several studies have shown that many substances can be identified by
. their optical properties. Using cruise data, Kalle (1966) was one of the
first to assoclate Gelbstoff (yellow substance) with principally terrige-
nous materials and dissolved organic compounds. Baker and Smith (1982)
have developed a scheme for classifying open ocean water based on the
attenuation of 1light, especially blue and green light, by chlorophyll and
dissolved organic matter. Moore (1978) indicates that clay—-sized material
will preferentially scatter different wavelengths, whereas coarse silt
scatters light achromatically. Working with remotely sensed data, Philpot
and Klemas (1979) distinguished different types of material in the water,

XN A0

based on "color” differences produced by the four Landsat bands (using an
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eigenvector analysis). They found that they could distinguish waste acid
from suspended sediment, and even old acid waste from fresh waste. Grew
(1977) has also used characteristic vectors to identify both chlorophyll
and acid waste in multispectral data from aircraft. It must be kept in
mind that these findings were for sewage and industrial wastes disposed of
in the ocean, with the effects largely within the water column -- not

necegssarily the case for dredged material,

Promising remote sensing techniques

Most studies that obtained good correlation between remotely sensed
radiance data and concentration data from ships included a calibration of
the radiance values based on water sample analyses for sediment concentra-
tion, size distribution and composition (Klemas et al. 1974b; Johnson
1975a,b; Ritchie et al. 1976; Munday and Alfoldi 1979; McKim et al. 1980,
1984), Since sediment concentration is not uniquely related to back-
scattered radiance, a prior knowledge of grain size, composition and layer-
ing 18 required before radiance maps can be converted into suspended sedi-
ment concentration maps (Moore 1978, Amos and Alfoldi 1979, Whitlock et
al. 1982)., Considerable progress is being made in the development of
optical models of the water column to discriminate organic from inorganic
suspended matter, to map substances having varying concentrations (layers)
as a function of depth, to eliminate bottom reflections, and to improve
atmospheric corrections (Wilson and Austin 1978, Philpot and Ackleson
1981). It is in these areas that more research is urgently required.

Selecting disposal sites and monitoring environmental
effects at disposal sites

Problems

The problem addressed has two parts, the selection of acceptable
disposal sites and the management of the sites after disposal, including
monitoring where appropriate. Information on the environmental setting and
conditions at and adjacent to candidate sites 1s required for site selec-

tion. In addition, data on changes in the ecosystems adjacent to the sites

after disposal are required for proper management.

Useful remote sensing techniques

Remote gsensing techniques can be used to collect data required for
on-land site selection and for inventorying site characteristics such as

land cover, vegetation types, soil characteristics, terrain features and

14
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Figure 2. Inventory costs vs total area of wetlands inven-
toried for three remote sensing platforms and in-situ survey.

topography, hydrologic features and geology (Klemas et al. 1975, Bartlett
and Klemas 1981, Hardisky et al. 1983a,b). Costs of vegetation inventories
for areas of various sizes are shown in Figure 2.

Remote sensing methods also provide data on environmental changes.
Loss and alteration of critical habitats are probably the most significant
changes caused by disposal of dredged material. Estuarine and coastal
habitats such as grass beds, marshes, mangrove swamps, and the nearshore
and tidal zones serve as breeding and nursery grounds for the majority of
recreational and commercial marine species. The boundaries and extent of
these critical habitats can be determined by remote sensing.

The resolution of Landsat data is limited, so their value for statu-
tory wetland inventories i{s minor (Penney and Gordon 1975). In addition,
spectral similarities between wetlands and uplands can l1{imit categorization
accuracy (Klemas et al. 1975, Bartlett et al. 1977). Examination of the

physical basis of wetlands reflectance using in situ radiometry, and appli-
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cation of data collected by the Landsat MSS and,TM, could provide informa-
tion on the condition of a habitat (biomass, etc.) and aid in using season-
al changes in reflectance signatures to improve mapping the various species
and changes in their distribution. However, for general habitat mapping,
Landsat MSS and T™M data alone would be quite useful.

The most effective method for monitoring the environmental effects of
dredged material disposal on land is to use vegetation as an indirect
indicator of the stresses induced by the materials (Weber and Polcyn 1972;
Philipson and Sangrey 1975, 1977; Murtha 1978)., Wetland grasses have “een
studied by multispectral sensors to determine their biomass and the gtress-
es induced by wastes dumped on wetlands (Gallagher and Wolf 1980; Bartlett
and Klemas 1981; Hardisky et al. 1982; Gallagher and Kibby, in press).
While film cameras and thermal infrared scanners have been used to locate
seeps and gross discoloration at waste disposal sites, only airborne multi-
apectral scanners give us the opportunity to assess the degree of environ-
mental degradation caused by dredged material disposal. They do this by
detecting subtle spectral reflectance changes in vegetation stressed by
pollutants in the soll. Levees could also be monitored using multispectral
gcanners. Pollutants leached from disposed material could change vegeta-
tion in the immediate area of a disposal site, and multispectral scanners
can be used to detect their changes (Klemas et al. 1975, Bartlett and
Klemas 1981, Hardisky et al. 1983a, 1983b).

Little progress has been made in analyzing the distribution of sub-
merged aquatic vegetation in potential shallow water disposal sites.

Visual interpretation of aerial photography has heen used in delineating
the distribution and, occasionally, for species differentiation within sub-
merged grass beds. It has provided limited data on detailed speciles
distributions, standing crop or plant vigor. Such data are necessary if
accurate assessments and inventories of existing submerged aquatic vegeta-
tion are to be made.

Airborne multispectral scanners have been used to identify submerged
features to a depth of 5 m in Lake Ontario (Lyzenga 1981), Classification
accuracies for sand, shoal grass and mud ranged from 82% at a depth of 1 m
to 57 at 2-m depth in St. Andrew Bay, Florida (Lyzenga et al. 1979). The
best results for clagsifying land and water features were obtained by
applying a ratioing technique between two bands for which attenuation was

similar. These techniques would be useful for quick surveys to acquire
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data on bottom topography and conditions, which is required in areas con-
sidered as in-water disposal sites. These quick surveys are also useful to
locate areas where detailed site surveys are required.

Remote sensing systems are also avallable for collecting wave data
required for designing diked shallow water disposal areas. Sea state and
wave spectra are best obtained using laser profilers from aircraft, radar
mappers (Synthetic Aperture Radar, SAR) and radar altimeters (Ross et al.
1970, Schule et al. 1971, Panicker 1974, Born et al. 1979). Imagers such
as synthetic aperture radar or film cameras are particularly effective for
wave studies if the data are analyzed using optical Fourler analysis
techniques (Stilwell 1969).

Promising remote sensing techniques

Vegetation types can be readily mapped using aerial photography. More
work 18 required with Landsat MSS and TM and future SPOT High Resolution
Visible (HRV) sensor data to improve reliability in detecting vegetation
biomass and stress. However, simple maps of habitat areas would still be
useful to the Corps of Engineers. Specifically, we recommend that the
Corps establish a 3-year research project to study the effectiveness of
multispectral scanners, including the Thematic Mapper, for monitoring the
enviromnmental changes to soils, vegetation and water quality, caused by
disposing of dredged material on land. This task would include the moni-
toring of new marsh grasses or uplands plants growing on dredged-material
disposal sites.

We also need a more complete understanding of how light interacts with
a submerged canopy of vegetation, allowing us to develop a usable radia-
tive-transfer model. Then multispectral scanners, including the Thematic
Mapper, and field spectroradiometers should be used in conjunction with the
model to describe the morphology and other characteristics of submerged
aquatic vegetation. To do this, we recommend a 3-year study.

While laser fluorosensors have been suggested for submerged vegetation
studies, their high cost and limited coverage do not justify the small
lmprovement they offer.

LONG-RANGE MANAGEMENT STRATEGIES FOR DREDGED-MATERIAL DISPOSAL

At present, Corps of Engineers Districts often approach the problem of

dredged material disposal from year to year. However, site-specific
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investigations for regional management plans have been developed in some
cases and have received widespread public acceptance. We recommend that

the long-term (30~ to 50-year) planning be used in more Corps Districts.

Klesch (1983) summarized what four Corps Districts were doing in long-
term planning for the disposal of and containment of dredged material.
This section summarizes the findings from his report.

In the Mobile District, a preliminary disposal plan spanning 40-45
vears included the following: 1) making the most use of existing disposal
areas through good site managment, 2) taking into account environmental
factors, such as marsh creation, 3) making all new site developments
compatible with a management plan, 4) pursuing local sponsors for disposal
areas, and 5) proposing the open water disposal of dewatered "clean”
dredged material into the Gulf of Mexico.

For the Mississippi Sound and Adjacent Areas Study, a regional com

puterized data base on the biological resources of the Sound and a two-
dimensional, depth-integrated hydrodynamic model will be used to evaluate
the physical effects within the Sound. There is an advantage to using the
reglional approach to dredged materials disposal. When the Corps analyzes a
potential site by itself, there are normally enough objections raised that
the site will eventually be dropped from further consideration. However,
if sites were selected on a regional basis, uniform and consistent criteria
could be applied that would lessen the negative aspects.

In the Philadephia District two large mathematical models have been
used in a regional approach for the Delaware River Dredging Disposal

Study. One, an attractiveness model, uses spatial techniques as a pre-
liminary screening step. Potential sites in a 5-mile (8 km) band on both
sides of an approximately 200-mile (322-km) long reach of the Delaware
River are considered. A grid cell size of 18.4 acres (75,000 m ) was used
in the model. There were 14 parameters considered important in the selec-—
tion of sites that were digitized for use in the model. FEach parameter was
subdivided into a number of variables that were weighted (from O to 10) or
rejected because of some overriding negative featu.e. Sites selected from
the process served as input for the next level of intermediate manual

screening. The results of the manual screening were used as input for the

systems model,

The systems model considered the alternative sites to determine their 'fi
usefulness to the District's disposal problems. The systems model also ;}Q;;J
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picks the best sites based on the lowest cost. The model output will indi-

cate such items as the optimal year for each gite to come on line, the

total cost of the plan, the volumes within each site, etc. 1In addition,

the model can he used to consider alternatives, such as what happens if the

District were constrained to use only existing sites.

In the Norfolk District, only long-term solutions will be considered.

The District examines, only once and in detail, any proposal submitted by a

potential local sponsor.

The New York District is developing a plan, scheduled for completion

by the end of 1985, to manage the disposal of all dredged material from the

New York Harbor. There are eight disposal alternatives that are being

considered: disposal in the Atlantic Ocean, use of sea bottom pits that

will be capped with a layer of "clean” material, upland disposal, contain-

ment islands, beach nourishment, landfill cover, wetland creation, and

disposal in an open water area in Long Island Sound.

Regional criteria should be established to aid the Districts in dis-

posal site selection by helping them to identify physically and biological-

ly gensitive areas and critical resource areas, and to assess potential

hazards. The sources of sediment pollutants and contaminants must be iden-

tified and the Districts must work closely with those interests responsible

for preventing, reducing or eliminating these problems. All research

findings should be incorporated into management plans for long-term dredged

material disposal.

CONCLUSIONS AND RECOMMENDATIONS

The state of the art of remote sensing for dredging-related applica-

tions 18 shown {n Table 1. 1t 1is very important that the rating categories

in this table be fully understood. A rating of 3 means that the remote

sensing technique can, if properly used, reliably provide data on the

specified topic. For instance, a film camera used on aircraft can reliably

map coastal erosion. A rating of 2 means that useful results can be

obtained with the specified sensor and platform, but that the results will

be less accurate or applicable than most users desire. For {instance, a

miltispectral scanner on a satellite can map suspended sediment concentra-

tions only to an accuracy of about + 100% because of atmospheric attenua-

tion and variations in grain size and type of suspended matter. Techniques
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rated 1 provide only qualitative data of limited value. For instance,
thermal infrared scanner data are difficult to interpret for vegetation
type analysis, but may provide interesting new data on vegetation if used
in conjunction with data in the visible range. A rating of O means the
technique will provide no data of any value for that application. The
ratings in Table 1 indicate that remote sensing techniques should be con-
sidered for the five areas of dredging activities discussed in this report.
A combination of remote sensors recommended at this time for observing

and recording dredging-~related activities and environmental changes should

Table 2. Recommended remote sensors for dredging-related applications.

Dredging site selection and bathymetric mapping

Aircraft camera (color film)

Aircraft camera (panchromatic film and filters)
Airborne laser profiler (additional research)
Boat with depth sounder

Multispectral scanner (additional research)

Monitoring currents and sediment transport

Aircraft camera (color film)

Afrcraft camera (panchromatic film and filters)
Boat with drogues and dye

Thermal infrared scanner (limited use)
Multispectral scanner (additional research)

Mapping water quality and suspended sediment concentration

Aircraft camera (color film)

Alrcraft camera (panchromatic film with filters)
Multispectral scanner (additional research)
Water sampling from boats

Mapping vegetation and dredge waste impact

Aircraft camera (color film)

Alrcraft camera (color infrared film)

Multispectral scanner (research on vegetative stress
detection and soil properties)

Monitoring dredging effects on aquatic life

Aircraft camera (color film)

Aircraft camera (panchromatic film and filters)
Divers to observe marine life

Biological sampling from boats

Sonar tracking of fish schools (additional research)

20
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include a small, single-engine aircraft equipped with at least two 70-mm or
35-mm cameras. The first camera should have color film and the second
should have color infrared film for vegetation or land use mapping, or
panchromatic film with special filters for water property studies. Any
dredging operation, regardless of funding level and availability of sophis-
ticated ground, airborne or spaceborne monitoring platforms, should include
a small aircraft to observe and record activities and environmental
chariges.

Table 2 describes remote sensor combinations most useful for dredging-
related applications. For bathymetric mapping, film cameras will have to
be supplemented by airborne laser profilers and, possibly, sonar depth
finders. The airborne laser profiler offers cost advantages for surveying
large coastal areas, although research 18 required to improve the sensor's
ability to penetrate turbid waters. Similarly, more research needs to be
done on multispectral scanners for bathymetric mapping of large coastal
areas.,

A combination of small aircraft and boats is optimum for mapping
currents and observing plume dynamics. As shown in Table 2, the boat will
launch drogues and dyes to be tracked by the aircraft, and the aircraft
cameras may also observe the dynamics of turbid plumes and fronts. The
boat may also do transmissivity, fluorescense and Secchi depth measure-
ments. More research is required to improve the ability of multispectral
gcanners to map sediment transport in shallow waters.

To obtain a quantitative measure of water properties, a multispectral
scanner will have to be used and some water samples analyzed. Although
turbidity patterns and gross current circulation can be recorded on film
cameras, according to Table 2, multispectral scanners (which include spec-—
troradiometers) offer the only hope of mapping concentrations of suspended
matter of organic or inorganic origin. As more research is done in this
area, fewer boat samples will need to be collected.

Color and color infrared film cameras are quite effective for mapping
vegetation changes induced by waste disposal. More research is required on
the use of multispectral scanners for detecting vegetative stress and soil
properties. This could potentially be tied into the ongoing Corps wetland

program.
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Echosounders have been used to track fish movements during dredging :@;‘

and waste plume dispersion during waste disposal in water. These applica-
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v

tions of echo sounding techniques should be further investigated. RS
Specifically, we recommend that the following research be conducted in
the future to develop various remote sensing techniques for use in Corps of
Engineers dredging-relating activities.
l. Test the accuracy and reliability of the Landsat MSS and TM for

-

f (2
[N R

coastal bathymetry and surveying channel conditions. A 2-~year effort is
required.

2. Compare bathymetric accuracy for disposal sites and turbid water
penetration depths of various laser bathymetric systems. This effort will
take about 2 years.

3. Prepare a guide on the procedures for mapping currents and track-

- ing disposed of dredged materials in coastal waters. The guide should

. include: discussions on current drogue design and dye selection; dye and
drogue injection from an aircraft and boats; optimum films and filters and
altitude selection for tracking drogues, dyes and wastes; water sample

i acquisition from boats; correlation of field data to remote sensing data;

- available and potentially available remote sensing systems for determining

bottom currents important for ocean disposal site selection and prediction

v
P
B

- . of sediment movement. This task would take 1l year.
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e 4, Test and prove the application of acoustic systems for tracking
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» dredged material dispersion in the water column and its distribution on the

s

bottom. This would be a 2-year project.

5. Develop and test optical models to help interpret multispectral
gcanner data of suspended matter and pollutants in the water column, to
discriminate organic from inorganic suspended substances, for mapping
concentrations of suspended sediments, to account for flocculation and
layering of suspended material, and to eliminate bottom reflectance and
;: improve atmospheric correction techniques. Tests should include spectro-
X radiometers in laboratory tanks, followed by multispectral scanner flights
- with aircraft over water containing suspended sediment plumes. These tasks
would take 3 vears.

6. Study the effectiveness of multispectral scanners, including the

. TM, for mapping of various habitat types and their productivity, and land
use changes, for selecting disposal sites, and for monitoring the environ-

2
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mental effects on vegetation from dredged-material disposal in wetlands.
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" Analysis would include the monitoring of wetland grasses or upland plants
L

X growing in areas being considered for dredged material dump sites. This
z: project would take 3 years.

7. Analyze the interaction of light with the submerged canopy of

- vegetation for quantitative monitoring techniques. A usable radiative {pi::
*J transfer model for an inhomogeneous water column overlying a canopy of sub- t;;:i;
;J merged aquatic vegetation needs to be developed. Multispectral scanners, 23_’:
o including the TM, and field spectroradiometers should be used in conjunc- S
: tion with the models to ascertain morphological and other characteristics
; of submerged aquatic vegetation. Qualitative mapping of submerged vegeta-
X tion is necessary with species differentiation required. We recommend a
- 3-year study.
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APPENDIX A. GLOSSARY OF TECHNICAL TERMS Y
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Absorptance -- ratio of the radiant flux lost from a beam by means of ;\j;}{
absorption vs the incident flux, oo™,
Xy

Absorption coefficient — internal absorptance of an infinitesimally {{;%?ﬂ
thin layer of the medium normal to the beam, divided by the thickness ;{féléf

of the layer. NI
rb;?&g

Albedo — ratio of the radiation reflected from the earth vs the ~

total amount incident upon it.
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Algorithm -— a detailed computational procedure that converts instrument
readings (data) into geophysical measurements.
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AOL — Airborne Oceanographic Lidar.

Attenuation coefficient — internal attenuance of an infinitesimally
thin layer of the medium normal to the beam, divided by the thickness
of the layer. ' SRS
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Backward scatterance — ratio of the radiant flux scattered through
angles 90°-180° from a beam vs the incident flux.
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Band ratioing techniques —— multispectral images may be enhanced by taking
ratios of individual spectral components and displaying ratios as
color composites. This suppresses brightness variations from RN
topographic relief and enhances subtle color differences in the =
plcture. .n"ﬁ
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Beam attenuation coefficient —— attenuation coefficient for a light beam
whose diameter 1s small compared to i{ts length.

Beam transmittance — transmittance for a beam whose diameter is small
compared to its length.

Dark object subtraction -- atmospheric correction technique used in remote
sensing where "dark objects” such as water bodies that absorb infrared
(IR) wavelengths are used to estimate atmospheric contribution to the
signal by assuming they reflect no IR.

Dengitometric — techniques based on measurement of optical or film
density.

Echosounder ~- a device that emits sound pulses and measures their round-
trip travel time to a target or ocean bottom from which they are
reflected. Depth or range can be calculated from propagation velocity
of sound.

Eigenvector analysis — eigenvector (or eigenvalue) is a special
mathematical measure computed in the process of deriving a
discriminant function. The eigenvalue 18 a measure (or relative
percentage) of the importance of the discriminant function.
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Enhancement (multi-image) -— multi~images convey more information than
monochrome images. Multi-images are obtained by imaging a scene in
more than one spectral band or by monitoring a scene over a period of
time. Multi-image enhancement techniques involve contrast enhancement
of the component images. The enhanced components may be displayed as
false-color composites.

Fluorescing — detection of organic substances (oil slicks, algae, etc.)
causing them to absorb energy (e.g. laser) at one wavelength and emit
it via fluorescence at another wavelength which is measured by
detectors with narrow filters optimized for the emitted wavelengths.,

Forward scatterance —— ratio of the radiant flux scattered through angles
0-90° from a beam vs the incident flux.

Fraunhofer lines — absorption lines in the sun's spectrum due to elements
in the sun's atmosphere.

Gelbstoff — yellow substance that consists primarily of carbohydrate-
humanic acids and is distinguished from other dissolved organic matter
through 1ts light absorption which starts in the yellow and rapidly
grows towards shorter wavelengths (blue).

HF (High Frequency) — radio frequency band from 3 to 30 MHz (wave-length
of 10 to 100 m).

IR (Infrared Radiation) —- that portion of the electromagnetic spectrum
between the limiting wavelengths of 0.7 and 1000 ym.

Irradiance (at a point of the surface) — radlant flux incident on an
infinitesimal element of surface containing the point under considera-

tion, divided by the area of that element. (Units of wattsper square
metre).

Irradiance ratio -— ratio of the upward to the downward irradiance at a
depth in the sea.

Irradiation (at a point of a surface) — the product of an irradiance and
its duration. (Units of joules per square metre).

Landsat -~ five satellites launched in 1972, 1975, 1978, 1982 and 1984,
respectively, into near-polar, sun-synchronous, 900-km circular
orbits, with an observation repeat cycle of 18 days. (16 days for
Landsat-4 and -5, which contain MSS and TM systems).

Landsat MSS bands — spectral bands of Landsat multispectral scanner at an
80-m resolution.

Band 4 (Green)

0.5-0.
Band 5 (Red) 056_007 um
Band 6 (near-IR) 0.7-0.8 um
Band 7 (near-IR) 0.8-1.1 um
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Lidar -~ light detection and ranging - a laser radar type device.

MSS ~- multispectral scanner subsystem — an instrument onboard the Landsat
satellites that images a scene 185 km on a side in more than one
gpectral band.

Multispectral -—- congisting of many spectral channels or bands (such as
multispectral scanner).

Near IR — infrared radiation from 0.7 to 3.0 ym (predominantly
reflected energy).

Optical length —— geometrical length of a path multiplied by the total
attenuation coefficient associated with the path.

Pixel —— picture element, smallest resolvable element of an image.

Quantity of radiant energy —-— quantity of energy transferred by
radiation. (Units of joules or ergs).

Radiance —- radiant flux per unit solid angle per unit projected area of
a surface. (Units of watts per square metre per steradian).

Radiant flux — time rate of flow of radiant eunergy. (Units of watts).

Radiant intensity (of a source in a given direction) — the radiant flux
emitted by a source, or by an element of a source, in an infinitesimal
cone containing the given direction, divided by the solid angle of
that cone. The steradian is the solid-angle unit of measure.

Radiative transfer model ~— a mathematical-physical model that describes
the behavior (fate) of electromagnetic waves (or protons) as they
transit and interact with constituents of a medium such as air or
water.

Reflectance — ratio of the reflected radiant flux to the incident
radiant flux,

Refractive index -- phase speed of radiant energy in free space
divided by the phase speed of the same energy in a specified medium,

Resolution — ability of an instrument to form distinguishable images
of objects separated by small angular distances; the smallest length
distinguishable by an instrument.

Scatterance - ratio of the radiant flux scattered from a beam vs the
incident flux.

Scattering coefficient -- the internal scatterance of an infinitesimally
thin laver of the medium normal to the beam, divided by the thickness
of the layer.

Secchi depth -—- depth at which Secchi disk becomes invisible to human eyes.
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Secchi disk -- white disk of 15 to 60 cm diameter that is used to
egstimate water clarity (turbidity) by lowering it on a measured line
. and observing at what depth it becomes invisible.
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SPOT -- Syateme Probatoire d'Observation de La Terre. The SPOT satellite
! is scheduled for launch by the French government on 3 October 1985.
The satellite will carry two High Resolution Visible (HRV) instruments
that can acquire data in two modes -- 20-m multispectral or 10-m pan-
chromatic.
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Thalweg —-- line connecting the lowest or deepest points along a streambed,

TM —— Thematic Mapper -— multispectral scanner launched in July 1982 on
b; Landsat-4. The TM has the following spectral bands at a 30-m
- resolution (120-m for the thermal band):

Band 1 (Blue) 0.45-0.52 ym
. Band 2 (Green) 0.52-0,60 ym
; Band 3 (Red) 0.63-0,69 ym
= Band 4 (Near-IR) 0.76-0.90 ym
b Band 5 (Near-IR) 1.55-1.75 ym

Band 6 (Thermal IR) 10.40-12.50 ym
Band 7 (Middle IR) 2,08-2,35 ym

Thermal IR —- infrared radiation having wavelength longer than 3.0 ym
(predominantly emitted energy used for surface temperature

mapping, usually in 8 to 12 ym band).

Tomography —— a technique using x-ray photographs in which the shadows of
- structures before and behind the section under scrutiny do not show.

Transmittance — the ratio of the transmitted radiant flux to the incident

. radiant flux (in either irradiance or radiance form).

‘ Volume scattering function -—- the radiant intensity (from a volume element
v in a given direction) per unit of irradiance on the volume and per

‘ unit volume.

Wavelength -- the distance between two successive points of a perfodic

wave in the direction of propagation, for which the oscillation has
the same phase.
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